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The Bi,Se, crystal

* Layered structure: quintuple
layers (QLs)

* 1 QL: Se—Bi—Se—Bi—Se

* QLs held together by van der
Waals forces
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Bi,Se, as a bulk topological insulator

Band inversion
around the I point
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From 3D to 2D

* As the number of QLs decreases, the surface states become gapped
* Crossover to a (possible) qguantum spin-Hall phase

Binding energy (eV)

0)
97 (A k,, (A7) 97 (A

Aveng et el Netve Physics 6, 584-588 (201.0)
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Continuum effective 2D model

1. Start from the 3D k - p model around I

_M(k) A]_kZ O Azk_ o
Ak, —-M(k) Ayk_ 0
3D 2y 1tz 2
H>" (k) = €q(k)l 44 + 0 Ak, M((k) -—-Ak,
_A2k+ 0 _AlkZ _M(k)'

eo(k) = C + D1kZ + D, (k3 + k;) ~ »” < Conduction (x2)
M (k) = M — B kZ — By (k3 + k3)

/——‘—_\4/' Valence (x2)




Continuum effective 2D model

1. Start from the 3D k - p model around I

2. Solve itin a slab geometry (finite L,) for k,, = k,, = 0

HSD(O: 0,=i0,)¥,(2) = E,¥,(2), W,(£L,/2)=0



Continuum effective 2D model

1. Start from the 3D k - p model around I

2. Solve itin a slab geometry (finite L,) for k,, = k,, = 0

3. Obtain an effective 2D model by projecting on the full Hamiltonian

HTZL’I[?)I (kx» ky) = (Lpn‘HBD(kx; ky: _iaz) ‘me>



Continuum effective 2D model

. Start from the 3D k - p model around I

. Solve itin a slab geometry (finite L,) for k, = k;, = 0
. Obtain an effective 2D model by projecting on the full Hamiltonian
HTZL’I[?)I (kx» ky) = (Lpn‘HBD(kx; ky: _iaz) ‘me>

Key point: restrict to a finite subspace!
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“Traditional” 4-band model

* Describes only the surface states

0ad 4QLs . v . 4 QLs
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“Traditional” 4-band model

* Describes only the surface states

* Problem: does not always explain
experiments unless we manually
readjust parameters

044 40QLs

Surface
0.0 + (X4)

<

4 QLs

Bulk
(x4)

LN

-1.5 -1.0

—0.5 0.0 0.5
k (nm~1)

1.0

1.5



“Traditional” 4-band model

* Describes only the surface states

* Problem: does not always explain
experiments unless we manually

readjust parameters

Numberof QLs | k- p theory Expeglr:r;ents,

a U1 A W N B
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“Traditional” 4-band model

* Describes only the surface states

* Problem: does not always explain
experiments unless we manually

readjust parameters

Numberof QLs | k- p theory Expeglr:r;ents,

a U1 A W N B

Trivial
Trivial
QSH
Trivial
Trivial

QSH

Trivial
Trivial
QSH
QSH
QSH

(Unclear)

E (eV)
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> Can we do better?
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New 8-band model

* Describes the surface states and
the first set of bulk states together 04
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New 8-band model

4 QLs

* Describes the surface states and .
the first set of bulk states together 041 \_/

* Topology agrees with experiments 0.2
and DFT!

Bulk
(x4)

Surface <
0.0 1 (X4)

Number of QLs k - p theory ST, —0.2 1
DFT

Trivial Trivial ~0.4 - / \

, e | |

E (eV)

1
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3 QSH QsH k (nm")

4 QSH QSH

5 QSH QSH

6 Trivial (Unclear)
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Topology in the 8-band model

e Can be understood by tracking
the direction of the spin as a
function of the momentum

E (eV)
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Topology in the 8-band model

e Can be understood by tracking
the direction of the spin as a
function of the momentum

* Arises from an interplay
between surface and bulk
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Topology in the 8-band model

e Can be understood by tracking
the direction of the spin as a
function of the momentum

 Arises from an interplay
between surface and bulk

* Band inversion around the I
point, but also at the avoided
crossings
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Topology in the 8-band model

e Can be understood by tracking
the direction of the spin as a
function of the momentum

 Arises from an interplay
between surface and bulk

* Band inversion around the I
point, but also at the avoided
crossings

e Surface bands are trivial, bulk
bands are topological

E (eV)
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Edge states comparison (4 QLs
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Edge states comparison (4 QLs)
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E (eV)

Edge states comparison (4 QLs)
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Edge states comparison (4 QLs)
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Conclusions

* 4-band model insufficient unless we manually readjust parameters
(starting 3D model does not always give a reasonable 2D model)

* 8-band model explains findings without any readjustments (2D theory
obtained directly from 3D theory)

* 2D topology arises from an interplay between surface and bulk

* Large energy range possibly due to shifting of the Dirac point in
combination with a change in Fermi velocity
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